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Overview

• Science
• Physical Model
• Numerical Method
• Results
• Plans



High speed combustion

Reactive flows with velocities ~ sound speed.

- chemical reactions
- viscosity
- heat conduction
- diffusion of chemical species
- fluid instabilities
- boundary layers
- turbulence
- radiation
- compressibility
- shocks

All processes are coupled. 
Range of physical scales.
Flow is rapidly evolving.



Combustion experiments in shock tubes

Flame, 
Deflagration-to-detonation transition (DDT)
Detonation



Accelerating turbulent flame

Kyznetsov 2005



Detonation

Austin 2001



Defalgration-to-detonation transition (DDT)

Urtiev & Oppenheim 1965



Defalgration-to-detonation transition (DDT)

Urtiev & Oppenheim 1965



Flame

Speed ~  10 - 300 m/s
Overpressure ~ 1 – 10 (depends)

Detonation 

Speed ~ 2 - 3 km/s
Overpressure ~ 40

DDT
Overpressure ~ 100
Time scale ~ 1 micro sec.

Big safety issues.



Project's goals:

- Fundamental understanding of flame acceleration and DDT

- First principle modeling of DDT in hydrogen-oxygen mixtures 

- Predicting run distance to a detonation in long pipes



Code features 

3D compressible reactive flow Navier-Stokes equations.

H2+O2 kinetics: 8 species, 19 reactions.

Multi-species NASA7 equation of state, temperature-
dependent viscosity, heat conduction, mass diffusion, and 
radiation cooling.

Regular Cartesian mesh with cell-based AMR.
 
Dynamic mesh refinement and mesh re-balance every 
fourth time step. 



HSCD Scaling





Kinetics





Reflected shock tube experiments: shock bifurcation

Brossard etal 1985 

End wall

Reflected shock

Shock tube



Reflected shock tube in CO2 validation

Bifurcated reflected shock

Sonic turbulenceBoundary layer
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          Comparison:

Angle   Experiment   Simulation
    1            36 deg          37 deg
    2         -128 deg       -124 deg     

Experiment Simulation



      Reflected shock tube experiments
Simulation of strong ignition in 2H2+O2

Detonation

Shock
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Reflected shock tube experiments: 
                 weak ignition

Thomas 2000



      Reflected shock tube experiments
Simulation of weak ignition in 2H2+O2



DDT in a hydrogen-oxygen mixture, BG/Q



Next step: high resolution simulations 
of DDT in a long pipe.

Tube length  172 cm
Cross-section 2.7 cm x  2.7 cm
N cells ~ 10,000,000,000
N time steps ~ 50,000
Numerical resolution ~ 6 microns



Scaling plots, BG/P
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